We investigate the squeezed back-to-back correlations (BBC) of K + K − , caused by the mass modification of the particle in the dense medium formed in d+Au collisions at 
I. INTRODUCTION
In high-energy heavy-ion collisions, people study the whole collision processes and the properties of matter produced in the early stage of collisions by analyzing the observables of particles in final state. The interactions within the dense medium before kinetic freeze-out may affect the experimental observables and dilute the early signals, so the study of interactions between the particle and the dense medium has always been a topic of concern [1] [2] [3] [4] [5] [6] [7] .
In the late 1990s, M. Asakawa et al. proposed that particle mass might be modified by the interaction between the particle and the medium formed in high-energy heavy-ion collisions, and therefore lead to a squeezed back-to-back correlation (BBC) of boson-antiboson [8, 9] . This BBC is the consequences of a quantum mechanical transformation relating in-medium quasi-particles to the two-mode squeezed states of their free observable counterparts, through a Bogoliubov transformation between the creation (annihilation) operators of the quasi-particles and the free observable particles [8] [9] [10] . Since the BBC is related to the dense source, the investigations of the BBC may provide a new sight for people to understand the interactions between the particle and the dense medium formed in high-energy heavy-ion collisions.
The BBC function is defined as [8, 9] C(k, −k) = 1 + |G s (k, −k)| and s
are the coefficients of Bogoliubov transformation between the creation (annihilation) operators of the quasiparticles and the free particles, and n
is the boson distribution associated with the particle pair [8] [9] [10] [13] [14] [15] . s
will be zero if there is no mass modification, and the BBC function will be 1. In Eq. (3), the factor e 2iK 1,2 ·r is equal to e 2iω k t for k 1 = k, k 2 = −k 1 = −k. So the BBC function C(k, −k) is sensitive to the temporal distribution of the freeze-out points [9, 10, [13] [14] [15] [16] , which will be very large for a narrow temporal distribution of the particles' freeze-out points [9, 10, 13, 15] .
In experiment, the first search of BBC signals was performed by the PHENIX collab- GeV for central collisions [15] .
Recently, the long-range angular correlations has been first detected by the CMS Collaboration in pp collisions at 7 TeV at the LHC [18] , and later it was also observed in pp collisions [19, 20] and p+Pb collisions [21] [22] [23] [24] by other collaborations at the LHC. This effect and the elliptic anisotropy of inclusive and identified hadrons were also successfully detected by the PHENIX collaboration in the 5% most central d+Au collisions at √ s N N = 200 GeV at the RHIC [25, 26] . It indicates that the hydrodynamically expanding quark-gluon plasma (QGP) medium may be created in the small systems, and hydrodynamic calculations are in good agreement with measured v 2 in small systems [27] [28] [29] [30] [31] . The BBC function is sensitive to the temporal distribution of the particles' freeze-out points, and the narrow temporal distribution corresponding to a small hydrodynamic source may lead to a large BBC. Motivated by this, we study the BBC function of
GeV by using the VISH2+1 code [32, 33] to simulate the evolutions of the particle-emitting sources. And we also calculate the BBC functions in Au+Au collisions at √ s N N = 62.4
GeV. The event-by-event initial conditions of MC-Glb [34] are employed at τ 0 = 0.6 fm/c in the simulations, and the ratio of the shear viscosity to entropy density of the QGP is taken to be 0.08 [35, 36] .
The rest of this paper is organized as follows. In Sec. II, we present the transverse momentum spectra of kaon, and the spatio-temporal properties of kaon emission source. In to describe the probability of the particles which affected by the medium and study the BBC functions of K + K − when parts of all kaons are affected by the medium in this section.
Finally, a summary and conclusions of this paper are given in Sec. IV.
II. SPECTRA AND EMISSION SOURCE OF KAON
In Fig. 1 , we show the transverse momentum spectra of kaon simulated by the viscous hydrodynamic code for the collisions in different centrality ranges, and the experimental data [37, 38] are also plotted. One can see that the simulated spectra for freeze-out temperature
MeV suit the experimental data better than for T f = 150 MeV. So the freeze-out temperature T f of kaon will be selected as 160 MeV in this work. (2) and (3)]. In Fig. 2 (a) and (b), we show the space-time distributions of the freeze-out points, In table I, we show some spatio-temporal properties of kaon emission source. Whereτ and |r ⊥ | are the average time and the average transverse radius of kaon freeze-out points in the z = 0 plane for a single event. σ τ and σ r are the standard deviation of the freeze-out time and transverse radius for a single event:
Where N is the total number of the freeze-out points for a single event, 
III. BBC RESULTS
The BBC function is caused by the mass-shift due to the interaction between the particle and the medium, and it will be 1 if there is no mass-shift. In this work, the mass of kaon in medium is treated as a parameter, and we assume that there is no mass-shift if the particle is not affected by the medium. The size of the systems of d+Au collisions and the peripheral Au+Au collisions are too small, and some particles may be not affected by the medium in these collision events. Therefor, the BBC results of K + K − will be shown in two subsections.
In section A, we will show the BBC results for all kaons with mass-shift. In section B, the BBC results for parts of all kaons with mass-shift will be shown.
A. All kaons have a mass-shift
When all particles have a mass-shift, the BBC function averaged over event-by-event calculations for many events was defined as [15] 
where N E is the total event number.
In Fig. 4 , we show the BBC functions of shift, and the BBC functions of K + K − become one (see Fig. 4 ). For d+Au collisions, the freeze-out temporal distribution of kaon is much narrow (see Fig. 2 and Fig. 3) , and the temporal width parameter of the kaon emission source σ τ is also very small (see table I ).
As well known, a narrow temporal distribution may lead to a large BBC, the BBC functions emission time distribution [9, 10, 13, 39, 40] . This can be attributed in two reasons: first, the BBC functions are affected by the emission time distribution of the particle [13] [14] [15] , and second, the anisotropic flow also affects the BBC functions [40] (e.g., in Ref. [13] , the BBC functions of K + K − decrease with increasing the momentum k for a fixed m * for a expanding source with the α-stable Lévy emission time distribution).
In 
B. Parts of all kaons have a mass-shift
The narrow temporal distribution corresponding to a small source may lead to a large BBC. But if the source is too small, the particles may be not affected by the medium. So we introduce a gaussian factor e −σ 2 r /2σ 2 c to describe the probability of the particles without mass-shift. Where σ c is a spatial width cut parameter, and the probability of the particles with mass-shift is P (σ r ) = 1 − e −σ 2 r /2σ 2 c . In Fig. 6 , we show the probability P (σ r ) as a function of σ r with different σ c . For the source with a certain σ r , the probability decreases with increasing the cut parameter σ c .
The probability P (σ r ) is fluctuating among the events for a fixed cut parameter σ c , because the width parameter σ r of the source is fluctuating among the events. The average probability, P (σ r When parts of all particles have a mass-shift, the BBC function averaged over event-byevent calculations for many events becomes
where G ci and G si are the chaotic and squeezed amplitudes for one event which denoted by i, respectively. And G 0 ci is the chaotic amplitude when there is no mass shift. 
IV. SUMMARY AND CONCLUSIONS
In high-energy heavy-ion collisions, the interactions between the particle and the dense medium may lead to a modification of the particle mass, and thus give rise to a squeezed BBC of boson-antiboson. The investigations of the BBC in previous works indicate that the BBC function C(k, −k) is sensitive to the temporal distribution of the freeze-out points [9, 10, [13] [14] [15] [16] . The BBC function will be very large for a narrow temporal distribution of the particles' freeze-out points [9, 10, 13, 15] .
In this paper, we focus on studying the observability of the BBC functions of K + K − in d+Au collisions at √ s N N = 200 GeV and Au+Au collisions at √ s N N = 62.4 GeV by using the VISH2+1 code [32, 33] to simulate the evolutions of the particle-emitting sources. Compared with previous work [15] , we select the freeze-out temperature of kaon by comparing the simulated transverse momentum spectra of kaon with experimental data. Since the BBC function corresponds to the interactions between the particle and the dense medium, the successful detection of the BBC function may indirectly mark that the dense medium has formed in these collision systems. We suggest to measure the BBC function of 
